Measurement of Selected Risks in the Construction Manufacturing Plant Using Statistical Method  by Aleksander, Nicał et al.
 Procedia Engineering  85 ( 2014 )  393 – 402 
Available online at www.sciencedirect.com
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Diamond Congress Kft.
doi: 10.1016/j.proeng.2014.10.565 
ScienceDirect
&UHDWLYH&RQVWUXFWLRQ&RQIHUHQFH&&
0HDVXUHPHQWRIVHOHFWHGULVNVLQWKHFRQVWUXFWLRQPDQXIDFWXULQJ
SODQWXVLQJVWDWLVWLFDOPHWKRG
1LFDá$OHNVDQGHUD)RUHPQ\$QGU]HME.OXF]XN3DZHáF
a Warsaw University of Technology, Al. Armii Ludowej 16, Warsaw 00-637, Poland 
bWarsaw University of Technology, Al. Armii Ludowej 16, Warsaw 00-637, Poland 
cWarsaw University of Technology, Al. Armii Ludowej 16, Warsaw 00-637, Poland 
$EVWUDFW
&RQVWUXFWLRQ HOHPHQWVPDQXIDFWXULQJ SODQWV IXQFWLRQLQJ RQ WKH JOREDOPDUNHW IDFH GLIIHUHQW W\SHV RI ULVNV ,W LV QHFHVVDU\ WR
FRQVLGHUDQGPDQDJHDOORIWKHULVNRFFXUUHQFHVLQRUGHUWRPDLQWDLQDOHDGLQJSRVLWLRQLQFRQVWUXFWLRQPDUNHWUHJDUGOHVVRILWV
LQIOXHQFHRQ WKHPDQXIDFWXULQJSODQW$FKLHYLQJ WKLV LVSRVVLEOH DPRQJRWKHU WKLQJV WKURXJK WKHGHYHORSPHQWRI DSSURSULDWH
PRGHOV LQFOXGLQJ RSHUDWLQJ SURFHGXUHV > @ ZKLFK DUH FRPELQHG ZLWK HDFK RWKHU FKURQRORJLFDOO\ 7KLV SDSHU SUHVHQWV
SURFHGXUH EDVHG RQ WKH PHDVXUHPHQW RI VHOHFWHG ULVN RFFXUUHQFHV UHODWHG WR PDQXIDFWXULQJ SODQW DQG ZLWKLQ D XVDJH RI D
VWDWLVWLFDOPHWKRG )RU WKLV SXUSRVH DVSHFLILFPDQXIDFWXULQJ SODQWZDV XVHG DQG VXUYH\EDVHG UHVHDUFKZDV FDUULHG RXW 7KH
VHOHFWHGPHDVXUHPHQWPHWKRGXVHVDSUREDELOLVWLFDSSURDFKLQFOXGLQJUDQGRPYDULDEOHVDQGSUREDELOLW\GLVWULEXWLRQVE\ZKLFK
WKHULVNVRFFXUULQJLQWKHPDQXIDFWXULQJSODQWFDQEHGHVFULEHG7KHSRWHQWLDOFRVWVZHUHDVVLJQHGWRHDFKULVNRFFXUUHQFHXVLQJ
WKH'HOSKLPHWKRGDQGE\FRQVXOWLQJWKHH[SHUWVLQWKHILHOGRISUHIDEULFDWHGFRQVWUXFWLRQHOHPHQWV,QDGGLWLRQRUVFHQDULRV
FRQFHUQLQJ PLQLPXP DQG PD[LPXP RU PLQLPXP DYHUDJH DQG PD[LPXP YDOXHV RI SRWHQWLDO FRVW DVVRFLDWHG ZLWK HDFK ULVN
RFFXUUHQFHKDYHEHHQGHYHORSHG$VDUHVXOWLWZDVSRVVLEOHWRHVWLPDWHWKHWRWDOYDOXHRIULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJ
SODQWDQGSUHVHQW LW LQ WKH IRUPRI DSUREDELOLW\GHQVLW\ IXQFWLRQ)RU WKLVSXUSRVH WKH&HQWUDO/LPLW7KHRUHPZDVXVHG7KH
VXPPDU\ RI WKH SDSHU FRQWDLQV WKH IXUWKHU LQIRUPDWLRQ UHODWHG WR GHWHUPLQDWLRQ RI FRUUHODWLRQ FRHIILFLHQW EHWZHHQ ULVN
RFFXUUHQFHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH'LDPRQG&RQJUHVV.IW
Keywords:PDQDJHPHQWLQFRQVWUXFWLRQPDXIDFWXULQJSODQWSUREDELOLW\WKHRU\ULVNPDQDJHPHQWVWDWLVWLFDOPHWKRG


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:DQLFDO#LOSZHGXSO
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Diamond Congress Kft.
394   Nicał Aleksander et al. /  Procedia Engineering  85 ( 2014 )  393 – 402 
,QWURGXFWLRQ
7KHULVNPDQDJHPHQWSURFHGXUHZKLFKLVSUHVHQWHGLQWKLVSDSHULVDSDUWRIRQHPRGXOHLQWKHULVNPDQDJHPHQW
PRGHO IRU FRQVWUXFWLRQ PDQXIDFWXULQJ SODQWV WKDW FRQVLVWV RI VL[ PRGXOHV 8VLQJ VWDWLVWLFDO PHWKRG DOO WKH ULVN
RFFXUUHQFHVDUHSUHVHQWHGE\SUREDELOLW\GLVWULEXWLRQIXQFWLRQVDQGWKHWRWDOFRVWRIULVNLVFDOFXODWHGDQDO\WLFDOO\$W
WKLV VWDJHRI FDOFXODWLRQ WKHEDVLF ODZVRISUREDELOLW\ WKHRU\ DQGPDWKHPDWLFDO VWDWLVWLFV LQFOXGLQJ&HQWUDO/LPLW
7KHRUHPDUHXVHG7KH&HQWUDO/LPLW7KHRUHP>@VWDWHVWKDW³WKHDULWKPHWLFPHDQRIDVXIILFLHQWO\ODUJHQXPEHU
RILWHUDWHVRILQGHSHQGHQWUDQGRPYDULDEOHVHDFKZLWKDZHOOGHILQHGH[SHFWHGYDOXHDQGZHOOGHILQHGYDULDQFHZLOO
EHDSSUR[LPDWHO\QRUPDOO\GLVWULEXWHG´7KHUHIRUH LWFDQEHDVVXPHGWKDW WKHVXPRIVXEVHTXHQWULVNRFFXUUHQFHV
GHVFULEHGE\GLIIHUHQWW\SHVRISUREDELOLW\GLVWULEXWLRQVZLOOEHYHU\VLPLODUWRDQRUPDOGLVWULEXWLRQ

1RPHQFODWXUH
F  WKHWRWDOQXPEHURIGLIIHUHQWFRVWV
/(J  WKHH[SHFWHGYDOXHRIFRVWIRUDJLYHQRFFXUUHQFHJ
/J  FRQWLQRXVUDQGRPFRVWYDULDEOHIRUWKHRFFXUUHQFHJ
/LJ  GLVFUHWHUDQGRPFRVWYDULDEOHLIRUWKHRFFXUUHQFHJ
/PD[  WKHPD[LPXPYDOXHRIWKHFRVWRIWKHRFFXUUHQFHJ
/PLQ  WKHPLQLPXPYDOXHRIWKHFRVWRIWKHRFFXUUHQFHJ
Q  QXPEHURIJLYHQRFFXUUHQFHV
SLJ  SUREDELOLW\RIFRVWiRFFXUHQFH
SO/J  SUREDELOLW\GHQVLW\FRVWIXQFWLRQRIWKHRFFXUUHQFHJ
SU5J  SUREDELOLW\GHQVLW\IXQFWLRQRIDJLYHQULVNRFFXUUHQFH
SU5PDQSODQW SUREDELOLW\GHQVLW\IXQFWLRQRIWRWDOULVNRFFXUUHQFHV
38J  SUREDELOLW\RIULVNRFFXUUHQFHJ
5(J  WKHH[SHFWHGYDOXHRIULVNRFFXUUHQFHJ
5(PDQSODQW WKHH[SHFWHGYDOXHRIWRWDOULVNRFFXUUHQFHV
5PDQSODQW UDQGRPYDULDEOHRIQRUPDOGLVWULEXWLRQRIWRWDOULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQW
ı/J  FRVWYDULDQFHRIWKHRFFXUUHQFHJ
ı5J  ULVNYDULDQFHRIWKHRFFXUUHQFHJ
ı/J  FRVWVWDQGDUGGHYLDWLRQ
ı5J  ULVNVWDQGDUGGHYLDWLRQ
ı5PDQSODQW WKHVWDQGDUGGHYLDWLRQRIWRWDOULVNRFFXUUHQFHV

,Q RUGHU WR DVVHVV WKH UHVXOWV FOHDUO\ LW LV QHFHVVDU\ WR GHWHUPLQH WKH GLVWULEXWLRQRI WKH WZRPDLQ SDUDPHWHUV
QDPHO\

• 7KHH[SHFWHGYDOXHRIWRWDOULVNRFFXUUHQFHVGHVFULEHGE\WKHSUREDELOLW\GLVWULEXWLRQIXQFWLRQVRE;man.plant
• 7KHVWDQGDUGGHYLDWLRQRIWRWDOULVNRFFXUUHQFHVGHVFULEHGE\WKHSUREDELOLW\GLVWULEXWLRQIXQFWLRQVıR;man.plant

$SURSHUPHDVXUHPHQWRIULVNLQWKHFRQVWUXFWLRQHOHPHQWVPDQXIDFWXULQJSODQVQHHGVWRLQFOXGHDQHVWLPDWLRQRI
FRUUHODWLRQHIILFLHQFLHVEHWZHHQRFFXUUHQFHV
)XQFWLRQDOVWUXFWXUHRIWKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV
)XQFWLRQDOVWUXFWXUHRIWKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWVFRQVLVWVRIVL[VXEJURXSVRIDGLIIHUHQW
QDWXUHRILWVIXQFWLRQVZKLFKDUHDVIROORZV>@

• 0DQDJHPHQWSURFHVV
• 3URGXFWLRQSURFHVV
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• 6HUYLFHV
• 7HFKQRORJLFDODQGRUJDQL]DWLRQDOSUHSDUDWLRQRISURGXFWLRQ
• 3URGXFWLRQPDQDJLQJ
• 5HVRXUFHV

*HQHUDO VFKHPH RI WKH IXQFWLRQDO VWUXFWXUH RI D PDQXIDFWXULQJ SODQW IRU FRQVWUXFWLRQ HOHPHQWV DORQJ ZLWK
GHSHQGHQF\EHWZHHQVXFFHVVLYHVXEV\VWHPVLVVKRZQLQWKH)LJXUH
)LJ*HQHUDOVFKHPHRIWKHIXQFWLRQDOVWUXFWXUHRIDPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV
7KHPRVWLPSRUWDQWFRPSRQHQWRIWKHIXQFWLRQDOVWUXFWXUHRIDPDQXIDFWXULQJSODQWLVWKHSURGXFWLRQSURFHVV7KH
SURGXFWLRQSURFHVVFDQEHGHILQHGDVDFRPSOHWHDQGFRPSUHKHQVLYHVHWRIDFWLRQVWKDWWUDQVIRUPVLQSXWREMHFWVLQWR
RXWSXW REMHFWV ,Q WKLV FDVH DV WKH LQSXW REMHFWV UDZPDWHULDOV DQG VHPLILQLVKHG SURGXFWV DUH GHILQHGZKLOH WKH
RXWSXWREMHFWVDUH WKHHQGSURGXFWV7KHVHFRQGPRVW LPSRUWDQWFRPSRQHQW LV WKHPDQDJHPHQWSURFHVVZKLFK LV
UHVSRQVLEOHIRUFXUUHQWLQIRUPDWLRQDQDO\VLVGHFLVLRQPDNLQJGLVSRVDOLVVXLQJDQGVXSHUYLVLQJWKHLUH[HFXWLRQ
2UJDQL]DWLRQDOVWUXFWXUHRIWKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV
,Q DGGLWLRQ WR WKH IXQFWLRQDO VWUXFWXUH LW LV QHFHVVDU\ LQ RUGHU WR GHVFULEH WKH PDQXIDFWXULQJ SODQWV IRU
FRQVWUXFWLRQ HOHPHQWV SURSHUO\ WR GHILQH WKH RUJDQL]DWLRQDO VWUXFWXUH $ GHWDLOHG GLDJUDP RI WKH RUJDQL]DWLRQDO
VWUXFWXUHRIWKHPDQXIDFWXULQJSODQWLVSUHVHQWHGLQ)LJXUH>@


0DQDJHPHQWSURFHVV
5HVRXUFHV
3URGXFWLRQSURFHVV
6HUYLFHV
7HFKQRORJLFDODQG
RUJDQL]DWLRQDO
SUHSDUDWLRQRI
SURGXFWLRQ
3URGXFWLRQPDQDJLQJ
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)LJ'HWDLOHGGLDJUDPRIWKHRUJDQL]DWLRQDOVWUXFWXUHRIWKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV
7KH VWUXFWXUH FRQVLVWV RI IRXU OHYHOV RI VXEV\VWHPV ZKHUH WKH KLJKHVW OHYHO RI FRPSOH[LW\ UHSUHVHQWV D
PDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWVZKLOHWKHORZHVWSURGXFWLRQFHOOV
2UJDQL]DWLRQDOVWUXFWXUHRIWKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV
$ GLDJUDP SUHVHQWHG LQ )LJXUH  FRQWDLQV  PRGXOHV WKDW GHVFULEH WKH ULVN PHDVXULQJ SURFHGXUH LQ WKH
PDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV





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)LJ$GLDJUDPIRUULVNPHDVXUHPHQWXVLQJVWDWLVWLFDOPHWKRG
7KHUDQGRPYDULDEOHVDQGWKHSUREDELOLW\GLVWULEXWLRQDUHVHOHFWHGRQWKHEDVLVRIH[SHUWNQRZOHGJHDQGRSLQLRQ
0RUHRYHUQRGHSHQGHQFLHVZHUHIRXQGEHWZHHQULVNRFFXUUHQFHVZKLFKPHDQVWKDWWKHFRUUHODWLRQHIILFLHQWLVHTXDO
WRDQGDOOWKHULVNRFFXUUHQFHVDUHVWRFKDVWLFDOO\LQGHSHQGHQW>@
4.1. Calculation of the expected value of RE;g and RE;man.plant for risk occurrences in the manufacturing plant 
:KHQFDOFXODWLQJWKHFRVWIRUDJLYHQULVNRFFXUUHQFHWKHDYHUDJHFRVWFRUUHVSRQGVWRWKHH[SHFWHGYDOXHRIULVN
RE;g ,I WKHVXEVHTXHQWRFFXUUHQFHVDUHPDUNHGDVJDQG WKHLUSUREDELOLW\DVPU1;g WKHH[SHFWHGYDOXHRIFRVWV IRU
DJLYHQRFFXUUHQFHFDQEHFDOFXODWHGDVIROORZV
   gEgUgE LPR  ×=   
ZKHUH
RE;g±WKHH[SHFWHGYDOXHRIULVNRFFXUUHQFHg 
PU1;g±SUREDELOLW\RIULVNRFFXUUHQFHg 
LE;g±WKHH[SHFWHGYDOXHRIFRVWIRUDJLYHQRFFXUUHQFHg 

'HSHQGLQJRQWKHW\SHRIUDQGRPYDULDEOH>@WZRGLIIHUHQWIRUPXODVIRUWKHFDOFXODWLRQRIWKHH[SHFWHGYDOXH
RI FRVW IRU DJLYHQRFFXUHQFHg FDQEHXVHG)RU WKHSUREDELOLW\PDVV IXQFWLRQRI DGLVFUHWH UDQGRPYDULDEOH WKH
FDOFXODWLRQLVFDUULHGRXWDFFRUGLQJWRWKHIROORZLQJIRUPXOD

  

 gi
c
i
gigE pLL ×=¦
=
 

ZKHUH
c±WKHWRWDOQXPEHURIGLIIHUHQWFRVWV
Li;g ±GLVFUHWHUDQGRPFRVWYDULDEOHiIRUWKHRFFXUUHQFHg
pi;g ±SUREDELOLW\RIFRVWiRFFXUUHQFH
6HOHFWLRQRIUDQGRPYDULDEOHVDQGSUREDELOLW\GLVWULEXWLRQV
(VWLPDWLRQRIFRUUHODWLRQHIILFLHQFLHVEHWZHHQULVNRFFXUUHQFHVȢhg
&DOFXODWLRQRI
WKHH[SHFWHGYDOXHRIRE;gDQGRE;man.plant
WKHVWDQGDUGGHYLDWLRQRIıR;gDQGıR;man.plant
IRUHDFKULVNRFFXUUHQFHDQGWRWDOULVNRFFXUUHQFHV
3UHVHQWDWLRQDQGFRPSDULVRQRIWKHUHVXOWVLQWDEOHVDQGIROORZLQJJUDSKV
SUREDELOLW\GHQVLW\IXQFWLRQ
398   Nicał Aleksander et al. /  Procedia Engineering  85 ( 2014 )  393 – 402 
7KH FDOFXODWLRQ RI WKH H[SHFWHG YDOXH RI FRVW IRU D JLYHQ RFFXUUHQFH g LQ FDVH RI WKH UHVWULFWHG SUREDELOLW\
GLVWULEXWLRQRIDFRQWLQXRXVYDULDEOHLVDVIROORZV
 PD[PLQ
PD[
PLQ
 GOD LLLdLLp
L
L
LL ggglggE ≤≤×= ³   
ZKHUH
Lg±FRQWLQXRXVUDQGRPFRVWYDULDEOHIRUWKHRFFXUUHQFHg 
pl(Lg)±SUREDELOLW\GHQVLW\FRVWIXQFWLRQRIWKHRFFXUUHQFHg 

$IWHUFDOFXODWLQJWKHH[SHFWHGYDOXHRIULVNRFFXUUHQFHg,LWLVSRVVLEOHWRGHWHUPLQHWKHH[SHFWHGYDOXHRIWRWDO
ULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQWXVLQJWKHIROORZLQJIRUPXOD
 
 



 gE
n
k
gU
n
g
gEplantmanE LPRR ×== ¦¦
==
 
ZKHUH
n±QXPEHURIJLYHQRFFXUUHQFHV
RE;man.plant  ±WKHH[SHFWHGYDOXHRIWRWDOULVNRFFXUUHQFHV

7KHDERYHIRUPXODFDQEHXVHGERWKXQGHUWKHDVVXPSWLRQRIVWRFKDVWLFLQGHSHQGHQFHDQGUDQGRPGHSHQGHQFHRI
ULVNRFFXUUHQFHV
4.2. Calculation of the standard deviation of ıR;g and ıR;man.plant for stochastically independent risk occurrences in 
the manufacturing plant 
7KHFDOFXODWLRQRIWKHVWDQGDUGGHYLDWLRQRIULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQWPXVWEHSURFHHGHGE\WKH
GHWHUPLQDWLRQ RI WKH FRVW VWDQGDUG GHYLDWLRQ ıL;g DQG WKH ULVN VWDQGDUG GHYLDWLRQ ıR;g IRU HDFK RFFXUUHQFH g )RU
DGLVFUHWH UDQGRPYDULDEOHLi;g WKHYDOXHRI DSUREDELOLW\PDVV IXQFWLRQFRVWYDULDQFHı2L;gRI WKHRFFXUUHQFHg LV
GHWHUPLQHGE\WKHIROORZLQJIRUPXOD
 [ ]¦
=
×−=
c
i
gigEgigL pLL





 σ   
ZKHUH
ı2L;g±FRVWYDULDQFHRIWKHRFFXUUHQFHg 

)RUDFRQWLQXRXVUDQGRPYDULDEOHZLWKGHILQHGOLPLWVLminDQGLmaxWKHFRVWYDULDQFHRIWKHRFFXUUHQFHgFDQEH
FDOFXODWHGDFFRUGLQJWRWKHIROORZLQJIRUPXOD
 ³ ×−=
PD[
PLQ
 


L
L
gglgEggL dLLpLLσ  

ZKHUH
Lmin±WKHPLQLPXPYDOXHRIWKHFRVWRIWKHRFFXUUHQFHg
Lmax±WKHPD[LPXPYDOXHRIWKHFRVWRIWKHRFFXUUHQFHg 
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 7KHFRVWVWDQGDUGGHYLDWLRQLVWKHQGHWHUPLQHGXVLQJWKHIROORZLQJIRUPXOD
  gLgL σσ =  
ZKHUH
ıL;g±FRVWVWDQGDUGGHYLDWLRQ

6XEVHTXHQWO\XVLQJWKHFRVWYDULDQFHRIWKHRFFXUUHQFHgLWLVSRVVLEOHWRGHWHUPLQHWKHULVNVWDQGDUGGHYLDWLRQ
ıR;gDFFRUGLQJWRWKHIROORZLQJIRUPXOD
 [ ]  gEgEgLgugUgEgRgR RLpPR −+×+−×== σσσ  
ZKHUH
ıR;g±ULVNVWDQGDUGGHYLDWLRQ
ı2R;g±ULVNYDULDQFHRIWKHRFFXUUHQFHg 

7KHILQDOVWHS LV WRFDOFXODWH WKHVWDQGDUGGHYLDWLRQRI WRWDO ULVNRFFXUUHQFHV LQ WKHPDQXIDFWXULQJSODQWE\ WKH
IROORZLQJIRUPXOD
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 σσσ   
ZKHUH
ıR;man.plant±WKHVWDQGDUGGHYLDWLRQRIWRWDOULVNRFFXUUHQFHV
4.3. Determination of the probability density function of risk occurrences in the manufacturing plant 
,Q RUGHU WR LOOXVWUDWH WKH GHWHUPLQHG SDUDPHWHUV RI WKH PDQXIDFWXULQJ SODQW RQ WKH JUDSK RI WKH SUREDELOLW\
GLVWULEXWLRQ LW QHHGV WR EH DVVXPHG WKDW WKH WRWDO ULVN LQ WKH PDQXIDFWXULQJ SODQW LV WKH VXP RI VXEVHTXHQW
RFFXUUHQFHVDQGLVDUDQGRPYDULDEOH 
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ZKHUH
pr(Rman.plant)±SUREDELOLW\GHQVLW\IXQFWLRQRIWRWDOULVNRFFXUUHQFHV
pr(Rg)±SUREDELOLW\GHQVLW\IXQFWLRQRIDJLYHQULVNRFFXUUHQFH

3UREDELOLW\GHQVLW\IXQFWLRQRIWRWDOULVNRFFXUUHQFHVLVH[SUHVVHGE\WKHIROORZLQJIRUPXOD
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ZKHUH
Rman.plant±UDQGRPYDULDEOHRIQRUPDOGLVWULEXWLRQRIWRWDOULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQW
0HDVXUHPHQWRIVHOHFWHGULVNRFFXUUHQFHVLQPDQXIDFWXULQJSODQW
7KHDQDO\VLV LQ WKHPDQXIDFWXULQJSODQWIRUFRQVWUXFWLRQHOHPHQWV LQFOXGHV WKHIROORZLQJULVNRFFXUUHQFHVZLWK
DVVLJQHGV\PEROV
• $±WKHULVNLQWKHPDQDJHPHQWSURFHVVWKDWUHIHUVWRLQDGHTXDWHVXSHUYLVLRQRIHPSOR\HHVLPSURSHU
HQIRUFHPHQWRIGLVSRVDOVWKDWDUHLVVXHGE\WKHPDQDJHPHQWXQFOHDUGLYLVLRQRIFRPSHWHQFHVEHWZHHQ
HPSOR\HHVVOXJJLVKQHVVLQVROYLQJFXUUHQWSUREOHPVXQFOHDUFLUFXODWLRQRIGRFXPHQWV
• %±WKHULVNRIHPSOR\PHQWFRQVLVWLQJRIGLIIHUHQWGLOLJHQFHDQGLQWHJULW\RIDFUHZZRUNLQJGLUHFWO\RQWKH
SURGXFWLRQOLQH
• &5LVNVLQWHFKQRORJLFDODQGRUJDQL]DWLRQDOSUHSDUDWLRQRISURGXFWLRQE\LPSURSHUPDWHULDOWHVWLQJEDGFKRLFH
RIWHFKQLFDOPHDQVDQGWKHLQFRUUHFWILQGLQJUHFLSHV

7DEOH  FRQWDLQV WKH OLVW RI WKH VHOHFWHG ULVN RFFXUUHQFHVZLWK DVVLJQHG SUREDELOLW\ GLVWULEXWLRQV WKH H[SHFWHG
YDOXHRIFRVWIRUDJLYHQRFFXUUHQFHVDQGVWDQGDUGGHYLDWLRQV
7DEOH/LVWRIVHOHFWHGULVNRFFXUUHQFHVZLWKDVVLJQHGFRVWSUREDELOLW\GHQVLW\IXQFWLRQH[SHFWHGYDOXHRIFRVWDQGVWDQGDUGGHYLDWLRQRIFRVW
5LVN
V\PERO
2FFXUUHQFH
SUREDELOLW\
3UREDELOLW\GHQVLW\
IXQFWLRQW\SH
0LQLPXPFRVW $YHUDJHFRVW 0D[LPXPFRVW ([SHFWHG
YDOXHRI
FRVW
6WDQGDUG
GHYLDWLRQRI
FRVW
$  %HWD3(57     
%  %HWD3(57     
&  WULDQJXODU     
  727$/     
 
7KHH[SHFWHGYDOXHDQGVWDQGDUGGHYLDWLRQRIHDFKULVNRFFXUUHQFHDQGWRWDOULVNRFFXUUHQFHVDUHSUHVHQWHGLQWKH
7DEOH
7DEOH/LVWRISDUDPHWHUVDQGULVNDVVHVVPHQWXVLQJDVWDWLVWLFDOPHWKRG
5LVN
V\PERO
2FFXUUHQFH
SUREDELOLW\
3UREDELOLW\
GHQVLW\
IXQFWLRQ
W\SH
&RVWYDULDQFH 6WDQGDUG
GHYLDWLRQ
RIFRVW
([SHFWHGYDOXHRI
ULVNRFFXUUHQFH
5LVNYDULDQFHRIWKH
RFFXUUHQFH
5LVNVWDQGDUG
GHYLDWLRQ
$  %HWD3(57     
%  %HWD3(57     
&  WULDQJXODU     
  727$/     

7KHGDWD LQ WKHWDEOHVUHIHUHV WR WKHPDQXIDFWXULQJSODQWRISUHVWUHVVHGFRQFUHWHSRZHUSROHVHPSOR\LQJDERXW
SHRSOHZLWKUHYHQXHDPRXQWLQJWRDERXWPLOOLRQV3/12QWKHEDVLVRIWKHFDOFXODWLRQVDQH[DPSOHRIWKH
SUREDELOLW\GHQVLW\IXQFWLRQRIWRWDOULVNRFFXUUHQFHVLVH[SUHVVHGLQ)LJXUH
 
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
)LJ$QH[DPSOHRIWKHSUREDELOLW\GHQVLW\IXQFWLRQRIWRWDOULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQWRISUHVWUHVVHGFRQFUHWHSRZHUSROHV
,W VKRXOGEHHPSKDL]HG WKDW WKHDERYHSUHVHQWHGSUREDELOLW\GHQVLW\ IXQFWLRQ LVD UHVXOWRIFDOFXODWLRQRIVRPH
VHOHFWHGULVNRFFXUUHQFHVLQWKHPDQXIDFWXULQJSODQWRISUHVWUHVVHGFRQFUHWHSROHV7KHH[SHFWHGYDOXHRIDOOVHOHFWHG
ULVNRFFXUUHQFHVLVHTXDOWR3/1DQGWKHULVNVWDQGDUGGHYLDWLRQDPRXQWVWR3/1,GHQWLILFDWLRQ
RIDOOULVNVZRXOGLQFOXGHPRUHWKDQULVNRFFXUUHQFHVIRUVXFKDPDQXIDFWXULQJSODQW
6XPPDU\
7KH SDSHU SUHVHQWV WKHPHDVXUHPHQW RI VHOHFWHG ULVN RFFXUUHQFHV LQ WKHPDQXIDFWXULQJ SODQW IRU FRQVWUXFWLRQ
HOHPHQWV XVLQJ D VWDWLVWLFDOPHWKRG )RU WKH SXUSRVHV RI WHVWLQJ WKHPDQXIDFWXULQJSODQW RI SUHVWUHVVHG FRQFUHWH
SROHVZHUH XVHG $OO WKH QHFHVVDU\ IRUPXODV UHODWHG WR WKH GHWHUPLQDWLRQ RI WKH H[SHFWHG YDOXH RI FRVW DQG ULVN
RFFXUUHQFHV DV ZHOO DV WKH VWDQGDUG GHYLDWLRQ RI FRVW DQG ULVN RFFXUUHQFHV DUH GHVFULEHG LQ GHWDLO 7KH UHVXOWV
REWDLQHG LQ WKH FDOFXODWLRQV DUH LOOXVWUDWHG LQ WKH JUDSK RI )LJXUH  WKDW LV DSSUR[LPDWHO\ QRUPDOO\ GLVWULEXWHG
)XUWKHUVWXGLHVDUHQHHGHG WRGHWHUPLQHFRUUHODWLRQFRHIILFLHQWEHWZHHQULVNRFFXUUHQFHV ,QRUGHU WRDGYDQFH WKLV
ILHOGPRUHGHWDLOHGVFLHQWLILF UHVHDUFKQHHGV WREHXQGHUWDNHQ3URJUHVV LQ WKLV ILHOG LVSRVVLEOHEXWRQO\ WKURXJK
DFORVHFRRSHUDWLRQZLWKFRQVWUXFWLRQLQGXVWU\HVSHFLDOO\SUHFDVWPDQXIDFWXULQJSODQWVRIGLIIHUHQWVL]HSURGXFWLRQ
SURILOHVDQGORFDWLRQ
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